Background: Pain in adolescence is associated with mental health problems, the main reason for work disability in young adults. This study explores the relationship between multisite musculoskeletal pain in adolescence and later medical (sickness and medical rehabilitation benefits) and social welfare benefits, adjusted for sociodemographic, adolescent psychosocial and mental health problems. Methods: Data were obtained by linkage between the National Insurance Registry (2003-11) and the Norwegian Arctic Adolescent Health Study, a school-based survey in North Norway , accepted by 3987 fifteen-to sixteen-year-olds (68% of the total population). The start of the follow-up time was July 1st of the corresponding year the participants responded to the health study. Musculoskeletal pain was measured by the number of musculoskeletal pain sites. Results: We found a positive linear relationship between adolescent musculoskeletal pain sites and the occurrence of medical and social welfare benefits in young adulthood (p ≤ 0.001). Adolescent musculoskeletal pain was a significant predictor of sickness (p < 0.001) and social welfare benefits in females (p = 0.036), when adjusted for adolescent psychosocial and mental health problems. The most important adolescent psychosocial predictors were externalizing problems, less parental involvement and adverse life events. Conclusion: Adolescent multisite musculoskeletal pain was found to be an important predictor of later sickness and social welfare benefit receipt from adolescence to young adulthood. Significance: Adolescents with multisite musculoskeletal pain are at substantially increased risk of health and social difficulties into young adulthood. Identification and interventions for these adolescent problems could alleviate this risk and be a sound socioeconomic investment.
Introduction
Musculoskeletal pain is a common complaint in adolescents (King et al., 2011; Mangerud et al., 2013; Eckhoff and Kvernmo, 2014) , and adolescent multisite pain is more associated with mental health problems than single-site pain (Hoftun et al., 2011; Lien et al., 2011; Eckhoff and Kvernmo, 2014; Skrove et al., 2015) . Adolescent musculoskeletal pain is associated with mood and anxiety disorders (Mangerud et al., 2013; Shanahan et al., 2015; Eckhoff et al., 2017) , the most prevalent mental health disorders resulting in long-term medical benefits in Norway (Bragstad and Brage, 2011) . Studies in adults have shown that multisite pain predicts longterm medical benefits, overall (Kamaleri et al., 2009 ) and due to mental health disorders specifically (Øverland et al., 2012) . A potential relationship between adolescent pain and later receipt of medical and non-medical benefits has only been sparsely examined.
Adolescent single-site pains and other health complaints have been shown to be associated with long-term medical benefits in young adulthood (De Ridder et al., 2015; Homlong et al., 2015) , lacking focus on multisite pain. Mental health problems in adolescence and young adulthood have been found to be associated with reduced workforce participation and increased medical welfare benefits in young adulthood (Fergusson et al., 2007; Gibb et al., 2010; Pape et al., 2012; De Ridder et al., 2015; Sagatun et al., 2015) .
Young adulthood is an important period in which major life struggles can lead to long-term benefit dependency (OECD, 2008 (OECD, , 2010 . In Norway, receiving medical and social welfare benefits is more common than unemployment spells for struggling youth (OECD, 2008) . Continuous sickness benefits of more than 8 weeks have been found to be predictive of disability pension, especially due to mental health and musculoskeletal disorders in Norwegians under 40 years of age (Gjesdal et al., 2015) . Mental health disorders, primarily mood and anxiety disorders, are the reason for medical rehabilitation benefits in two of three cases in 18-to 29-year-olds, with a 30% increase from 1996 to 2008 (Bragstad and Brage, 2011) . Mental health disorders are the primary reason for the 3.5 times increase in disability pension in 25-to 29-year-olds in the last three decades (Brage, 2015) .
Frequent and recurrent pain can be an early marker of mental health problems (Shanahan et al., 2015) . Therefore, we wanted to explore the association between adolescent multisite musculoskeletal pain and later medical and social welfare benefits. To achieve this, we linked the Norwegian Arctic Adolescent Health Study, a population-based study, with the Norwegian Social Insurance Registry. The two main outcomes examined were sickness and social welfare benefits from adolescence to young adulthood, received after the Norwegian Arctic Adolescent Health Study. In order to explore if adolescent musculoskeletal pain uniquely contributed to the prediction of later sickness and social welfare benefits, we adjusted for sociodemographic, adolescent psychosocial and mental health problems. Second, we explored gender differences by stratifying these analyses.
Methods

Study design
The Norwegian Arctic Adolescent Health Study (NAAHS) (Youth Studies) was conducted among 10th graders (15-to 16-year-olds) in nearly all junior high schools (292 of 293) in the three northernmost counties in Norway, in spring [2003] [2004] [2005] . The questionnaires were administered in classroom settings, monitored by project staff and completed during two school hours. Students who were absent completed the questionnaire at a later date. The students and their parents were given written information about the study, and the students provided written consent.
The participants from the NAAHS were linked to the National Insurance Administration Registry (FD-trygd) that keeps records of national medical and non-medical welfare benefits. We used available data from 2003 to 2011. Follow-up time started at July 1st of the corresponding year the participants responded to the NAAHS and who had finished Norwegian junior high school, resulting in a total follow-up time of 6.5-8.5 years.
In Norway, citizens can receive medical benefits for work impairing illness. Medical benefits included sickness benefits (up to 52 weeks for employed citizens), medical and vocational rehabilitation, and temporary and permanent disability pension. Medical and vocational rehabilitation and temporary disability pension were organized into one single benefit in 2010, called AAP (work assessment allowance). Citizens have to be at least 18 years old to be eligible for AAP and disability pension, which requires 50% reduced work ability due to disease, injury or impairment. Social welfare benefits can be received by people who do not qualify for any other benefits and who are unable to financially support themselves.
Sample
In total, 4881 of 5877 (83% of the total population) invited students responded to the NAAHS, and 3987 (68% of the total population) consented to a future registry linkage. The sample consisted of 49.9% females and 9.2% indigenous Sami.
Ethics
The Norwegian Data Inspectorate and the school authorities approved the NAAHS. The Regional Medical Ethical Committee approved the NAAHS and the registry linkage. The Norwegian Institute of Public Health and Statistics Norway carried out the linkage.
2.4 Outcome measures: Medical and nonmedical insurance benefits
Medical insurance benefits
Sickness benefits were measured as a continuous variable on the total number of 100% sickness days during the registry period and were used as a main outcome in the multivariable analysis. Graded sick leave days were recalculated into 100% sickness days. Sickness benefits were also organized into the proportion of participants with <1, 1-3, 3-6 and 6-12 months of benefits in a 12-month period, not within a calendar year. This was done to examine for a relationship between adolescent musculoskeletal pain and different degrees of the main outcome. A total of 116 participants, registered as sickness benefit recipients, were missing a reliable end date for their benefit period. They were excluded.
Sickness benefits due to mental health included disorders primarily from the ICPC-2 (WONCA, 2003). Primarily three diagnostic codes were used: P76 (Depressive disorder, 42.1%), P02 (Acute stress reaction, 26.2%) and P29 (Psychological symptom/complaint, 12.0%).
Sickness benefits due to musculoskeletal problems from the ICPC-2 were measured. Musculoskeletal problems due to injuries (L72-81) were excluded.
Medical rehabilitation benefits, overall and due to mental health problems, and disability pension were recorded. Eighty-three participants had received medical rehabilitation benefits or disability pension without prior sickness benefits. Almost half of the medical rehabilitation recipients had received sickness benefits. Disability pensions were excluded in this study due to the low number of recipients, their young age, and because these individuals seemingly had other difficulties such as intellectual disability.
Non-medical welfare benefits
Social welfare benefits were measured as a continuous variable by the total number of months with social welfare benefits during the registry period and were used as a main outcome in the multivariable analysis. The mean of total social welfare months was converted from months into days in Fig. 1 and Tables 1 and 2 for comparison purposes with sickness days. Due to being recorded on a monthly basis, social welfare benefits were organized into 1-3, 3-6 and 6-12 months of benefits in a 12-month period. A total of seven participants were excluded due to missing end dates.
2.5 Adolescent health: Exposure and adjusting factors from the NAAHS 2.5.1 Musculoskeletal pain and physical activity Musculoskeletal pain was measured by 'yes/no' answers to the question: 'During the last 12 months have you often been troubled by pain in the head, neck/shoulder, arms/legs/knees, abdomen or back?' Abdominal pain was excluded due to the potential confusion with menstrual pain (Eckhoff and Kvernmo, 2014) , resulting in 0-4 musculoskeletal pain sites.
Pain-related functional impairment was present if the participants reported reduced activity during leisure time due to pain (yes/no).
Physical activity was measured by 'How many hours per week do you spend on physical activity, to an extent that make you sweat and/or out of breath?' Figure 1 Chi-square test for trend. The relationship between the number of adolescent musculoskeletal pain sites and later sickness and social welfare benefits (total benefit days) from adolescence to young adulthood in females and males.
Possible answers: 0, 1-4, 5-7 and ≥8 h per week (Sagatun et al., 2007) .
Psychosocial factors
Self-efficacy was measured by a five-item version (a = 0.77) of the General perceived self-efficacy scale (Røysamb et al., 1998 ) with higher scores indicating higher self-efficacy. Responses were scored on a 4-point Likert scale from 'completely wrong' to 'completely right'.
Parental involvement was measured by a four-item version of the Parental Involvement Scale (a = 0.78) (Alsaker et al., 1991; Eckhoff and Kvernmo, 2014) .
Parental support (a = 0.88) was measured by five statements on family attachment, being valued and taken seriously, and receiving help when needed (Eckhoff and Kvernmo, 2014) .
Peer support (a = 0.84) was measured by four statements on peer attachment and support, being valued and receiving help when needed (Eckhoff and Kvernmo, 2014) .
Parental involvement, parental and peer support were scored on a 4-point Likert scale from 'completely agree' to 'completely disagree'. Higher scores indicate more problems.
School-related stress (a = 0.66) was measured by the following four experiences: work pressure, pressure to succeed, concentration difficulties and understanding the teacher (Eckhoff and Kvernmo, 2014) . Responses were scored on a 3-point scale from 'no' to 'yes, often'.
Adverse life events such as parental drug problems, bullying and assault were measured by 12 dichotomized questions previous described by Eckhoff and Kvernmo (2014) .
Mental health
Adolescent mental health was examined by anxiety/ depression symptoms measured by the Hopkins Symptom Checklist 10-item version (HSCL-10) (Derogatis et al., 1974) . The HSCL-10 (a = 0.87) measures symptoms in the previous week. Psychometrics has been validated among subjects aged 16-24 years (Strand et al., 2003) , with a cut-off of 1.85 indicating a presence of emotional distress. The factor was handled continuously in all multivariable analyses.
For externalizing problems (a = 0.69), the SDQ conduct and hyperactivity subscales (Goodman et al., 2000) were summed into one scale as proposed by Goodman et al. (2010) .
Sociodemographic factors
Parental education: Parents' highest education was obtained from Statistics Norway's education registry, registered when the participants were 15-16 years The total number of benefit days during the entire registry period.
old. Parental education was categorized from 'lower secondary' (≤10th grade), 'upper secondary' (≤13th grade), 'lower university degree' (up to 5 years) to 'higher university degree' (5 years or more) (Statistics Norway, 2003) . Sami ethnicity was measured by participants reporting one or more of the following factors: Sami parentage and Sami language competence in parents, grandparents and the participants, and Sami ethnic self-labelling.
Data analysis
We examined the adolescent factors to see whether the participants refusing the registry linkage (non-registry sample) differed from those who accepted. We found no significant difference between the registry sample and the non-registry sample (n = 894) except for a slightly lower mean of adverse life events in the non-registry sample (Supporting Information  Table S1 ). The non-registry sample was not worse off.
In the univariate analyses, chi-square tests and one-way ANOVA were used. Hierarchical linear regression was used in the multivariable analyses on the total amount of sickness and social welfare benefits (Tables 3 and 4) .
To reduce the number of adjusting factors, we analysed the sociodemographic, physical, psychosocial and mental health factors in their respective characterized groups (Supporting Information Tables S2 and  S3 ). Factors that were not statistically significant, at a pre-defined cut-off of p < 0.05, were not included as adjusting factors for the relationship between adolescent musculoskeletal pain and later welfare benefits The total number of benefit days during the entire registry period.
presented in Tables 3 and 4 , except for gender and parental education level, which were included in the models regardless due to adjustment reasons. The multivariable findings are presented in Tables 3 and 4 , where we in 'Model 1' adjusted for the sociodemographic factors, in 'Model 2' with the addition of adolescent psychosocial factors, and in 'Model 3' for adolescent mental health problems. To explore gender differences 'Model 3' was stratified by gender. Adjustments for follow-up time and counties did not alter the multivariable findings and are not presented in this article.
Bonferroni-adjusted significance levels for multiple comparisons (0.05/n factors ) are presented for 'Model 3' in the multivariable analysis tables as a conservative comparison of significance. All analyses were conducted using SPSS version 23 (IBM, Armonk, New York, USA). 
Results
The proportion of sickness benefit recipients, amount of sickness days and sickness benefits due to mental health problems were higher in females (Table 1) . There was no significant gender difference for social welfare benefits. Of the sickness benefit recipients, 22.7% had received social welfare benefits, and 36.5% of social welfare benefit recipients had received sickness benefits. Mental health disorders were the primary reason for medical rehabilitation benefits (56.7%) and none were due to intellectual disabilities. Of the medical rehabilitation recipients, 41.1% had received sickness benefits, and 86.5% of these for more than 3 months in a 12-month period. In total, 22.2% of the participants reported 3-4 musculoskeletal pain sites (Table 2) . We found a significant increase in sickness and social welfare benefits in relation to the increasing number of adolescent musculoskeletal pain sites, regardless of pain-related functional impairment (Table 2 and Fig. 1 ). This relationship was not significant in the participants receiving <1 month of sickness benefits and in those with <3 months of social welfare benefits in a 12-month period.
The total amount of sickness and social welfare benefits were significantly higher [v 2 sickness (1, n = 2900) = 28.46, p < 0.001 and v 2 social welfare (1, n = 2900) = 10.85, p = 0.001] in those reporting pain-related functional impairment (mean sickness = 46.83 days, mean social welfare = 2.14 months) compared with the non-impaired (mean sickness = 28.75 days, mean social welfare = 1.43 months). Table 3 shows that adolescent musculoskeletal pain was a significant predictor of sickness benefits in young adulthood when adjusted for adolescent psychosocial and mental health factors. Adolescent musculoskeletal pain was the strongest predictor followed by externalizing problems, a significant predictor in males. Model 3 had an explained variance of 3.2%. The factors added to Models 2 (p = 0.019) and 3 (p = 0.001) made significant contributions to the fit of the model. Adolescent musculoskeletal pain was a significant predictor of later social welfare benefits when adjusted for adolescent psychosocial and mental health factors (Table 4) . However, the stratified analysis found adolescent musculoskeletal pain to be a predictor of social welfare benefits in females only. Model 3 had an explained variance of 7.3%. The strongest predictors were externalizing problems, low physical activity, adverse life events and less parental involvement. The factors added to Models 2 (p < 0.001) and 3 (p < 0.001) made significant contributions to the fit of the model.
Discussion and conclusions
We found multisite musculoskeletal pain in adolescence to be associated with medical and social welfare benefits from adolescence to young adulthood. Adolescent musculoskeletal pain was significantly associated with sickness benefits, in both genders, when adjusted for adolescent psychosocial and mental health problems. The relationship between adolescent musculoskeletal pain and later social welfare benefits was significant in females, when adjusted for the adolescent factors.
The positive association between the number of adolescent musculoskeletal pain sites and later receipt of medical and social welfare benefits was supportive of an earlier study examining single-site pains and later welfare benefits (Homlong et al., 2015) . The relationship between adolescent musculoskeletal pain and medical benefits due to mental health problems supports the relationship between physical pain and mental health problems (Mangerud et al., 2013; Eckhoff and Kvernmo, 2014; Skrove et al., 2015; Eckhoff et al., 2017) . Previous studies have found adolescent mental health problems to be predictive of later medical and non-medical benefits (Fergusson et al., 2007; Gibb et al., 2010; Pape et al., 2012; De Ridder et al., 2015; Sagatun et al., 2015) .
Our findings are comparable to findings in adults (Kamaleri et al., 2009; Øverland et al., 2012; Haukka et al., 2014) , although musculoskeletal disorders are more common in older adults. In our young sample, the univariate associations were stronger between adolescent musculoskeletal pain and medical benefits due to mental health problems than due to musculoskeletal problems. The participants reporting painrelated functional impairment in adolescence received significantly more sickness and social welfare benefits. This shows that not only the number of symptoms but also functional impairment is important in the long run.
Comparable to national findings (Statistics Norway, 2015a), females received more sickness benefits. The considerable proportion of long-term sickness benefit recipients is a concern since it has been found to predict disability pensions in young adulthood (Gjesdal et al., 2015) . The unadjusted results showed a clear and comparable relationship between the increasing number of musculoskeletal pain sites and later sickness and social welfare benefits in both genders. This study lacked the opportunity to adjust for chronic somatic illness in adolescence, which could be a reason for adolescent musculoskeletal pain and later sickness benefits. Our results could also be indicative of a group at risk of later somatic or mental health illness, supporting previous findings concerning adolescent pain and later mental health problems (Shanahan et al., 2015; Eckhoff et al., 2017) . The relationship between adolescent musculoskeletal pain and later social welfare benefits was attenuated in males after controlling for adolescent psychosocial problems. This could be due to confounding or mediating effects. The same trend was found in females, but in this group, the relationship remained significant. This could be explained by other factors not examined in this study.
Several adolescent psychosocial and mental health factors were associated with sickness and social welfare benefits, supporting previous studies (Colman et al., 2009; Pape et al., 2012; Sagatun et al., 2015) . Adolescent mental health problems are predictive of later mental health problems, with subsequent risk of social, academic and workrelated difficulties (Patel et al., 2007; Colman et al., 2009) . The most important predictors in our sample were externalizing problems, less parental involvement and adverse life events. Externalizing behaviour in adolescence has been found to be associated with adult social and health impairments (Colman et al., 2009) .
The main strength of this study is the linkage of an unselected population-based study to the National Insurance Registry. The study had equal gender distribution, a high participation rate and the NAAHS participants refusing the registry linkage were not worse off, thereby strengthening its generalizability.
In contrast to earlier studies, where 6 months of sickness benefits has been used as a cut-off (Pape et al., 2012; De Ridder et al., 2015; Homlong et al., 2015) , we explored the outcomes on multiple levels. By using the total amount of benefits received over the entire study period, we got a more exact measure, differentiating between short-and long-term recipients. Recalculating graded sickness days into 100% sickness days, rather than just counting 100% sickness days (Homlong et al., 2015) , also increased the validity of the measure.
The National Insurance Registry had some errors, primarily a lack in diagnoses for the medical rehabilitation (12%) and sickness benefits (21%). The missing end dates and the following exclusion of some of the sickness benefit recipients might have led to an underestimation of this outcome. In Norway, 34% of 19-to 24-year-olds are students (Statistics Norway, 2015b) and 60% of them are working part-time (Barstad et al., 2012) . Bachelor students works 11 h a week on average (Einarsen, 2014) . Of the total population, we only have 14% fulltime students not working, and therefore are potentially 86% of the 19-to 24-year-old population entitled to sickness benefits if they work and get ill.
The specification of a 12-month period for the pain questions may have increased the risk of recall bias. The expression 'several times' is objectively vague and is open to interpretation, but it indicates some regularity and seriousness of pain. However, the importance of multisite pain is still emphasized. The population study relied on self-reports with the risk of information bias. Some of the scales from the population study are not frequently used by other studies, making it hard to exactly replicate the findings, although their internal consistency was high. The HSCL-10 and SDQ subscales used as measures of adolescent mental health problems are more commonly used and validated (Derogatis et al., 1974; Goodman et al., 2000) .
Mental health problems are complex and including several factors that potentially mediate or confound each other in a model can lead to underestimation of some relationships. The adolescent psychosocial and mental health factors were primarily included for adjustment reasons and should be evaluated in light of other studies. The low explained variance in the models could lead us to question the true impact of the significant factors. However, it is a relative measure dependent on the nature of the associations examined. Repeated measures in adolescence could potentially single out more troubled individuals than our single population study is able to do.
In conclusion, musculoskeletal pain alongside psychosocial problems in adolescence were found to be important predictors of later health and social problems. Adolescent problems influence the working ability from adolescence into young adulthood, and addressing adolescents physical, mental and social problems is crucial to help them reach their potential and contribute to society.
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